In this paper, a method of solution and some numerical resu~s of free vibration and buckling of composite laminates are presented. All the edges of the laminates are assumed as simply supported. Ritz's method of solution is used with deflection surface expressed in terms of double series in Chebyshev polynomials satisfying the simply supported laminate boundary conditions. The numerical results obtained using the present analysis for isotropic as well as orthotropic plate cases, are compared with the available results. A detailed investigation on the natural frequencies and mode shapes of fourlayered, simply supported composite laminates made up of graphite FRP is then undertaken. Numerical results for the first few frequencies and the critiCal buckling values of symmetric and antisymmetric Ilm1inates so obtained, are presented here.
I. INTRODUCTION
Use of laminated composite plates as an important structural element in modem high speed aircraft and missiles has intensified the need to study the vibration ;ind buckling behaviour of such laminates of practically suitable, skew and trapezoidal geometries. It can be found in the literature that considerable attention has been paid to solve the free vibration and buckling problems of isotropic, orthotropic as well as the composite rectangular plates. Free vibration frequencies and the critical buckling coefficients of parallelogrammic, isotropic as well as orthotropic plates with different combinations of boundary conditions, under individual and combined loadings have also received some attention in the past. However, practically no experimental as K Kamal & S Durvasula well as theoretical results are available in the literature on the frequency and nodal patterns of composite laminates specifically of four sided non-rectangular geometries which are of some relevance in composite construction of the modem aircraft. As pointed out by Leissal it can be noted that very little work has been reported even on the studies of isotropic plates of such geometries. Chopra and Durvasula2.3 obtained the natural frequencies and mode shapes of simply supported symmetrical and asymmetrical, isotropic trapezoidal plates using Galerkin method. The interesting relationship as the eigenvalues of the isotropic plate being the square of the eigenvalues of the membrane was exploited in their analysis for simply supported plates. However, such-relationship ceases to exist for the plate even possessing a significantly low degree of anisotropy. For the study of the behavioursof such plates, there is an imperative need, therefore, to employ a general formulation using simple and economic solution techniques.
In this paper, therefore, free vibration and buckling characteristics of a simply supported general four-sided laminates are investigated while clamped laminate analysis has already been carried out and reported earlier4. This laminate geometry is first mapped onto a rectangular domain employing a suitable coordinate transformation4. A general formulations based on elastic, higher order shear deformation, thin-layered composite plate theory is used here. In this analysis, trigonometJic functions are used for in-plane displacements (U, V) and rotations of middle plane (P" Pv)' whereas a double series, expressed in Chebyshev polynomials is used here as the assumed deflection surface for out-of-plane displacements. Numerical results obtained for the isotropic plate cases using the present analysis are compared first with previously published results.
MATHEMATICAL ANALYSIS
The governing matrix equation is obtained hereby using the variational method of Ritz, employing the admissible functions for the displacements as
where xm((), y n(,,) are the generated functions in Chebyshev polynomials satisfying the simply supported laminate boundary conditions and are obtained from the equations as given by Chakrabarti and Joga Rao6,and Kamaf and Durvasula7 which are reported here for the sake of completeness. 
For a simply supported plate edge conditions to be imposed ( at r. = -1) are Figs. 2 and 3 . From these figures, it can be noticed that as the general four-sided laminate configuration becomes a square, the pair of vibration modes become degenerate. However, a slight asymmetry into a system is found to remove this degeneracy .This feature of the laminates is in conformity with the earlier observations on the degeneracy of these curVes for isotropic plate caseslO. Similarly, the frequency crossings between pairs of modes belonging to skew symmetric and skew antisymmetric cases are also apparent. It can be noticed that such crossings are more pronounced amongst the higher modes for these laminates. In the cases of laminates considered, it is also noticed that the frequency and buckling parameter K Kamal & S Durvasula Note: alfo = 10; G1f~ = 0.6 : Gd~ = 0.5; v12 = 0.25
.Classical plate theory 
CONCLUSIONS
In this paper, a method of solution and the numerical results of free vibration and the buckling parameter values for four-sided non-rectangular composite laminates using variational method of Ritz e~ploying Chebyshev "series are presented. While the frequencies and the buckling values for several different configurations are obtained, the results for only a few illustrative cases are reported here for the simply supported laminates. It is believed that apart from providing the source of new data for comparison with other solution techniques, the importa~t features such as the 10.
